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BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a diversity 
receiving apparatus suitable for a vehicle-mounted 
receiver for terrestrial digital TV broadcasting that is 
driven using an OFDM (Orthogonal Frequency Division 

10 Multiplex) method. 

2. Description of the Related Art 

Fig. 2 shows a conventional diversity receiving 
apparatus in which a gain synthesizing method is used to 
maximize a C/N ratio after diversity synthesis. In Fig. 2, 

15 one receiving system comprises an antenna 21 and a 

receiver 22 connected to the antenna 21 , and the other 
receiving system comprises an antenna 2 3 and a receiver 
24 connected to the antenna 23. 

An adder 25 adds a reception signal output from the 

20 receiver 22 to a reception signal output from the 

receiver 24 to synthesize them, and a phase shifter 2 6 is 
provided between the receiver 24 and the adder 25. In 
addition, a phase difference detector 27 detects the 
phase difference between the reception signal output from 

2 5 the receiver 22 and the reception signal output from the 
receiver 24 and thus the phase shifter 2 6 is controlled 
based on the detected results. 

According to this configuration, when a phase 
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difference exists between two reception signals, the 
phase difference detector 27 controls the phase shifter 
26 to remove the phase difference. As a result, two 
reception signals to be input into the adder 25 are 
5 controlled to have the same phases , and thus the signal 
synthesized by the adder 25 has the maximum C/N ratio 
(for example , see Non-Patent Document 1). 
[Non-Patent Document 1] 

•Modulation and Demodulation in Digital Wireless 

10 Communication 1 written by Yoichi Saito and published by 
the Institute of Electronics , Information and 
Communication Engineers of Japan (IEICE) on February 10 , 
1996, pp. 189 to 191 and Fig. 5.19 

The reception signal synthesized by the adder 25 is 

15 converted into a base-band signal by OFDM demodulating 
means (not shown) . 

According to the aforementioned method, for example, 
when the antenna 21 receives a signal having a low C/N 
ratio that mainly includes noise components and the 

20 antenna 22 receives a signal having a high C/N ratio that 
mainly includes signal components, phase of the signal 
having a high C/N ratio is controlled so as to match to 
the phase of the signal having a low C/N ratio. Therefore, 
in an extreme case, the phase of the signal having a high 

25 C/N ratio is continuously varied for phase matching, and 
thus it is difficult to improve a C/N ratio of the 
synthesized signal and to synchronize signals. 
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SUMMARY OF THE INVENTION 

The present invention is made to solve the above 
problems, and it is an object of the present invention to 
prevent reduction in C/N ratio when phases of the signals 
5 to be input into adding means are matched to perform 
diversity synthesis and to easily synchronize signals 
during demodulation • 

In order to achieve the above object, there is 
provided a diversity receiving apparatus comprising a 

10 plurality of antennas, a plurality of receiving circuits 
connected to the plurality of antennas, respectively, 
adding means for adding reception signals output from the 
respective receiving circuits, and phase shifting means 
for making phases of the reception signals to be input 

15 into the adding means equal, wherein level comparing 

means for comparing the levels of the reception signals 
output from the respective receiving circuits is provided, 
phases of reception signals other than the maximum-level 
reception signal are controlled so as to match to the 

20 phase of the maximum-level reception signal, and then the 
phase-controlled signals are input into the adding means. 

Furthermore, according to the present invention, the 
diversity receiving apparatus further comprises phase 
controlling means for controlling the amount of phase 

25 shift of the phase shifting means, the phase shifting 
means is provided in each receiving system between the 
antenna and the adding means, and the phase controlling 
means is controlled by the level comparing means so as to 
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control only the amount of phase shift of the phase 
shifting means corresponding to the reception signals 
other than the maximum-level reception signal. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. .1 is a circuit diagram illustrating the 
structure of a diversity receiving apparatus according to 
the present invention; and 

Fig. 2 is a circuit diagram illustrating the 
10 structure of a conventional diversity receiving apparatus. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

A diversity receiving apparatus according to the 
present invention will now be described with reference to 

15 Fig. 1. Fig. 1 illustrates two receiving systems. 

A first receiving circuit 2 is connected to a first 
antenna 1. The first receiving circuit 2 comprises a 
first low-noise amplifier 2a for amplifying a reception 
signal, a first mixer 2b for converting frequency of the 

20 amplified signal f a first oscillator 2c for supplying a 
local oscillation signal to the first mixer 2b, a first 
PLL circuit 2d for controlling an oscillation frequency 
of the first oscillator 2c, a first intermediate 
frequency amplifier 2f for amplifying an intermediate 

25 frequency signal output from the first mixer 2b, and a 
first band-pass filter 2e interposed between the first 
mixer 2b and the first intermediate frequency amplifier 
2f . 
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A second receiving circuit 4 is connected to a second 
antenna 3. The second receiving circuit 4 comprises a 
second low-noise amplifier 4a for amplifying a reception 
signal , a second mixer 4b for frequency-converting the 
5 amplified signal, a second oscillator 4c for supplying a 
local oscillation signal to the second mixer 4b, a second 
PLL circuit 4d for controlling an oscillation frequency 
of the second oscillator 4c f a second intermediate 
frequency amplifier 4f for amplifying an intermediate 
10 frequency signal output from the second mixer 4b, and a 
second band-pass filter 4e provided between the second 
mixer 4b and the second intermediate frequency amplifier 
4f . 

A reference oscillator 5 supplies a reference signal 
15 to the first PLL circuit 2d and the second PLL circuit 4d. 

The signal (the intermediate frequency signal) output 
from the first receiving circuit 2 is input into adding 
means 7 via first phase shifting means 6, and the signal 
output from the second receiving circuit 4 is input into 
2 0 the adding means 7 via second phase shifting means 8. 

Note that the first and second phase shifting means 6 and 
8 do not necessarily interpose between the receiving 
means 2 and 4 and the adding means 7, respectively. 
Alternatively, for example, the first and second phase 
2 5 shifting means 6 and 8 may be provided in the receiving 

means 2 and 4, respectively, to vary the phase of a local 
oscillation signal. In short, the first and second phase 
shifting means 2 and 4 may be provided at any position 
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where the respective reception signals which are input 
into the adding means 7 to have the same phase . Phase 
controlling means 9 controls the amount of phase shift 
imparted by the first and second phase shifting means 6 
5 and 8. 

Furthermore, level comparing means 10 is provided for 
comparing the levels of the signal output from the first 
receiving circuit 2 and the signal output from the second 
receiving circuit 4 and for controlling the phase 

10 controlling means based on the level difference. 

The level comparing means 10 comprises first 
detecting means 10a for detecting the level of the signal 
output from the first receiving circuit 2 , second 
detecting means 10b for detecting the level of the signal 

15 output from the second receiving circuit 4, and comparing 
means 10c for comparing the two detected levels. A 
detection signal output from the first detecting means 
10a is input to a non-inversion input terminal (+) of the 
comparing means 10c r and a detection signal output from 

20 the second detecting means 10b is input to an inversion 
input terminal (-) thereof. Therefore, the comparing 
means 10c outputs a voltage corresponding to the 
difference between levels detected by the detecting means 
10a and 10b. In this way, the comparing means 10c 

25 controls the phase controlling means 9. 

The phase controlling means 9 controls two reception 
signals to be input into the adding means 7 to have the 
same phase based on the comparison results from the 
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comparing means 10c , so that the added signal has the 
maximum level. That is, the phase controlling means 9 is 
controlled by the comparing means 10c such that phases of 
signals other than the maximum level signal among the 
5 signals to be input into the adding means 7 are 

controlled to have the same phase as the maximum level 
signal. Fig. 1 illustrates a case in which two signals 
are received. Therefore, example, when the level of the 
signal output from the first receiving circuit 2 is high 

10 and the level of the signal output from the second 

receiving circuit 4 is low, the signal output from the 
second receiving circuit 4 is a signal other than the 
maximum level signal. 

Thus, the phase controlling means 9 does not control 

15 the phase of the signal output from the first receiving 

circuit 2, but controls the second phase shifting means 8 
such that the phase of the signal output from the second 
receiving circuit 4 is varied until the signal output 
from the adding means 7 reaches the maximum level. As 

20 such, when two signals to be input into the adding means 
7 are controlled to have the same phase, the level of the 
added signal is maximized. 

During this process, since the phase of the maximum 
level signal output from the first receiving circuit 2 is 

25 not controlled, the phase of the signal is not varied, 

and thus a C/N ratio thereof is not reduced. Therefore, 
synchronization can be easily achieved when demodulated 
by using OFDM demodulating means (although not shown, 
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which is connected to the latter part of the adding means 
7). 

As a specific example , two receiving systems 
including antennas and receiving circuits are illustrated 
5 in Fig. 1. However, the present invention is not limited 
thereto and may be formed of three receiving systems 
including antennas and receiving circuits. In short, 
preferably, the levels of reception signals input into 
the respective receiving systems are compared with each 

10 other by the level comparing means 10, the phases of 
signals other than the maximum level signal are 
controlled so as to have the same phase as the phase of 
the maximum level signal, and the phase-controlled 
signals are input into the adding means 7 . 

15 Furthermore, the level comparing means 10 may be 

formed of a digital circuit as well as an analog circuit 
to digitally control the phase controlling means 9. Also, 
it is preferable that the comparing means 10c have a 
hysteresis characteristic in order to stabilize the 

20 operation of the phase controlling means 9. 

As described above, a diversity receiving apparatus 
according to the present invention comprises a plurality 
of antennas, a plurality of receiving circuits connected 
to the plurality of antennas, respectively, adding means 

25 for adding reception signals output from the respective 
receiving circuits, and phase shifting means for making 
phases of the reception signals to be input into the 
adding means equal, wherein level comparing means for 
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comparing the levels of the reception signals output from 
the respective receiving circuits is provided, the phases 
of signals other than the maximum level signal are 
controlled so as to have the same phase as the phase of 
5 the maximum level signal , and the phase-controlled 

signals are input into the adding means. Thus, since the 
phase of the maximum level signal is not controlled, the 
phase thereof is not varied, and a C/N ratio thereof is 
not reduced. 

10 Furthermore, according to the present invention, the 

diversity receiving apparatus further comprises phase 
controlling means for controlling the amount of phase 
shift of the phase shifting means, the phase shifting 
means is provided in every receiving system between the 

15 antenna and the adding means, and the phase controlling 

means is controlled by the level comparing means so as to 
controls only the amount of phase shift of the phase 
shifting means corresponding to the reception signals 
other than the maximum level signal. Therefore, even 

20 though a signal input into any receiving system has the 
maximum level, the phases of the signals other than the 
maximum level signal can be controlled. 
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